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1.0 SUMMARY 

The selection of relative velocity as the Independent variable for the space 
shuttle first stage guidance attitude comnand tables has been assessed to 
support the first stage guidance point design 

The criteria for selecting the Independent variable for first stage open loop 
guidance Is to reduce or minimize perfonnance dispersions, primarily those 

I 

affecting structural loads. The products of angle-of-attack (a) and cngle-of- 
•sldesllp (6) times dynamic pressure (q) (qa and q$ respectively) are used as • 
load Indicators and minimizing their dispersions will Indicate a minimum loads 
dispersion. 

The results of this assessment confirm relative velocity as an acceptable 
steering Independent variable. 



2.0 INTRODUCTION 

A previous study (Roference 1) showed that earth relative velocity (VE) is better than 
time. Altitude appeared to be the only formidable alternate to velocity because: 

a. winds are primarily altitude dependent 

b. winds are the largest dispersion source in terms of aero-loads per- • 
formance 

c. altitude is a measurable variable during ascent. 

The reasons for performing this study are: 

a. A performance analysis of the August Engineering Review Board Guidance 
Point Design showed larger than expected dispersions (see Reference 2). 

b. The performance test plan for first stage guidance calls for justifi- 
cation of the choice of relative velocity as the independent variable 
(see Reference 3). 

The reference mission for this study In the first orbital flight test (OFT-1), 
Reference 4. The groundrules and assumptions beyond Reference 4 are reviewed 
in section 2.1. 



3.0 DISCUSSION 

3.1 Groundrules and Assumptions 

The groundrules describing the Reference 4 ascent trajectory are used for this 
analysis. In addition the following assumptions are made: 

a. Assessment simulations are generated using the Space Vehicle Dynamics 
Simulation (SVDS) program operating In a three-degree-of-freedom, 
moment balance flight simulation mode without load relief. This 
assumes that 3D trends are similar to those of 6D. The lack of load 
relief should magnify the dispersions for more visible results. 

b. This analysis terminates after first stage and the steering used 
throughout first stage Is defined by the attitude angles being a 
function of either Independent varlaile (relative velocity or altitude). 

c. The reference flight profile has been r*eshaped to eliminate a dis- 
continuity found In the angle-of-attack history. 

d. Steering for either Independent variable must fly the same nominal. 

3.2 Results 

3.2.1 Base Case and Steering Verification 

This assessment study Is based on the OFT-1 trajectory documented In Reference 
4 and reshaped per groundrule C. The new profile Is shown In Figure 1 In terms 
of qa. Both the altitude and velocity steering tables consist of the same 20 
time slices from the base case, Table 1. Flying both sets of steering under 
nominal conditions (mean vector wind, standard system performances, no failures) 
resulted In trajectories closely matching the base case. Included In the dis- 
persion results of the following section, data show little deviation between 



each nominal and that each closely follows the desired qa profile as required 
In groundrule d. 

3.2.2 Dispersion Data 

The dispersion cases are composed of one-by-one simulations of the +web 
action-time values (4.71%) of the Reference 5 flight performance reserve analysl 
and each of the four critical real winds from the Reference 6 OFT-1 real winds 
analysis for loads assessment. The web action results are compared In Table 2 
for both the altitude and velocity dependent data. Generally, the q dispersions 
are higher for the velocity data and both the a and 3 dispersions are higher 
for the altitude data. The net load Indicators, qa and q3 show no sig. Ificant 
difference for either Independent variable. The altitude data do however show 
a significant reduction In dispersions at sol Id’ rocket booster (SRB) staging 
for both altitude and velocity trajectory state variables. 

• 

The results of critical real winds are Included with web action dispersions 
In squatchelold format at Mach 1.25 In Figures 2 and 3 for altitude and velocity 
data respectively. Again, no significant difference Is seen between the 
altitude and velocity data In terms of the load Indicators. 

The wind and web action dispersions are shown over the entire Mach range In 
terms of qa In Figures 4 and 5 for altitude and velocity, respectively. These 
data show that the previous results seen above at max q and Mach >= 1.25 apply 
throughout first-stage. 



4.0 CONCLUSIONS 

The assumption has been made that t1me» earth relative velocity, and altitude 
are the best candidates for the Independent variable of the guidance first- 
stage steering tables. Each of them have been shown to be able to fly the 
nominal trajectory equally well. Therefore, the selection criteria becomes 
dependent on dispersions, particularly those affecting ascent loads. A 
previous analysis (Referenc** 1) eliminated time In favor of velocity. The 
results presented here show no reason to change from velocity, especially If 
one considers the software Impact. Additionally, the dispersion results 
seen here are considered acceptable for systems and performance margins. 

In that no better variable than velocity Is available and that the performance 
of the velocity based steering tables Is acceptable, the verification of 
velocity as the Independent variable Is considered complete. 
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TABLE II. COMPARISON OF RELATIVE VaOCITY REFERENCED VS. ALTITUDE REFERENCED STEERING ATTITUDE POLYNOMIALS 
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